To study and compare the insulin sensitivity of healthy, nondiabetic Asian Indians with that of two other ethnic groups (Caucasian and Chinese) living in Singapore. DESIGN: Study of insulin sensitivity using euglycaemic hyperinsulinaemic glucose clamp. SUBJECTS: A total of 10 healthy, lean, young male subjects of each ethnic group, matched for age, body mass index (BMI) and physical activity. They all had normal glucose tolerance and had no family history of diabetes. MEASUREMENTS: Anthropometric parameters (BMI, waist-hip ratio (WHR) and percentage body fat (PBF)), fasting lipid profile and leptin concentration, insulin sensitivity index, and insulin clearance. , diastolic blood pressure (P ¼ 0.036), fasting insulin (Po0.006) and fasting triglyceride (P ¼ 0.022). Stepwise regression analysis showed that ethnicity was the only significant independent determinant variable for the differences in insulin sensitivity index (P ¼ 0.008). CONCLUSION: Healthy lean nondiabetic Indians were more insulin resistant compared to other ethnic groups despite the similarity in living environment. These findings may warrant preventive health-care strategies for type II diabetes and coronary artery disease to target Indians at an earlier stage compared to other ethnic groups.
Introduction
Epidemiological studies have shown that urban and migrant Asian Indians have a significantly higher prevalence of type II diabetes mellitus and coronary artery disease compared to Caucasians. 1, 2 This difference cannot be explained by differences in conventional risk factors such as hypercholesterolaemia, smoking, hypertension and obesity. [3] [4] [5] Insulin resistance and its metabolic consequences are recognised as risk factors for coronary heart disease. [6] [7] [8] This condition could explain the higher prevalence of both type II diabetes and coronary heart disease in Asian Indians. Obesity is a contributory factor to insulin resistance, but Asian Indians are not more obese than Caucasians based on body mass index (BMI) values. 9, 10 Previous studies have indicated that
Asian Indians have a propensity to abdominal adiposity, which could be more strongly related to insulin resistance. 11, 12 Leptin is a crucial hormone in the regulation of body weight, more specifically of body fat stores. 13, 14 It is secreted by white adipose cells, and is directly related to body fat content. There is considerable interindividual variation in plasma leptin concentrations among individuals with comparable degrees of obesity, suggesting that other factors are involved in the regulation of leptin production. Leptin levels have been found to be correlated with fasting insulin levels, subcutaneous adipose tissue and BMI, but not with glucose disposal in Asian-Indian men. 15 Hyperleptinaemia has been advocated as a component of the insulin resistance syndrome, and the insulin-leptin axis may play a coordinating role in this syndrome. 16 Thus, the objectives of our study were: (1) to investigate the insulin sensitivity between different ethnic groups using the euglycaemic hyperinsulinaemic clamp; (2) to determine the potential ethnic difference in plasma leptin levels; and (3) to evaluate the correlation between leptin and insulin sensitivity.
Subjects and methods

Subjects
A total of 10 men of each ethnic group participated in this study. They were healthy, lean, nondiabetic volunteers recruited by public advertisement. An oral glucose tolerance test (OGTT) was performed on each subject to validate normal glucose tolerance status. Exclusion criteria included first-degree family history of diabetes, use of prescription medication within 14 days of study, and significant cardiorespiratory, gastrointestinal, hepatic, renal, or neurological disease. The subjects of each ethnic group were closely matched for their BMI, age, and physical activity. Information on physical activity was obtained from subjects (physical activity 'level 1' defined as no regular exercise, 'level 2' as infrequent, low-intensity exercise of twice to thrice weekly, and 'level 3' as daily high-intensity exercise).
All volunteers gave full written informed consent. The study protocol was reviewed and approved by the research ethics committee of National University Hospital of Singapore.
Anthropometric measurements
Weight and height were taken using standard procedures. Waist and hip circumferences were measured using the same nonelastic tape measure. Waist was defined as the narrowest circumference between the costal margin and the iliac crest, and hip was the widest circumference between waist and the thigh. Body composition was studied by determination of percentage body fat (PBF) and fat-free mass (FFM) using tetrapolar bioelectric impedance analysis (Tanita Body Composition Scale; model TBF-300; measurement frequency: 50 kHz; Tanita Corporation, Japan). FFM was derived according to Lukaski et al 17 with an intrasubject coefficient of variation of o1%.
Euglycaemic, hyperinsulinaemic clamp
The insulin sensitivity was assessed by using the euglycaemic, hyperinsulinaemic clamp technique. 18 After an overnight fast of 10 h, two polythene cannulae were inserted, one into an antecubital vein for infusion of 20% dextrose solution and insulin, and the second into the contralateral antecubital vein for regular blood sampling. After baseline blood samples were taken, insulin was infused at a constant infusion rate of 40 mU/min/m 2 for the duration of the clamp of 2 h. Steady-state levels of glucose and insulin (I) were defined as the respective levels measured during the last 40 min of the clamp. Blood glucose concentration was determined by frequent blood sampling at 2.5-10 min intervals in whole blood by a glucose oxidase technique (Yellow Spring glucose analyser). The infusion rate of the 20% dextrose was adjusted manually to maintain a constant blood glucose concentration at basal, fasting level throughout the clamp. The average value of the glucose infusion rate (mg/min kg FFM) during the final 40 min of the clamp was defined as insulin-mediated glucose uptake (M). The insulin sensitivity index was expressed as glucose uptake (M) during steady-state condition between 80 and 120 min divided by steady-state serum insulin concentration (SSSI). Metabolic clearance rate of insulin was derived using the formula: insulin infusion rate (40 mU/m 2 ) divided by SSSI minus fasting insulin.
Biochemical analysis
Fasting serum leptin was the mean of two measurements taken at À30 and 0 min. Leptin assay was performed using a specific validated radioimmunoassay 19 (Lilly Research Laboratories, Giessen, Germany) with intra-and interassay coefficients of variation of 0.8 and 8.5%, respectively. Insulin was measured at Quintiles Laboratories, Singapore, using a Microparticle Enzyme Immunoassay (Abbot IMx s Insulin assay; Abbot Laboratories, USA) with intra-and interassay coefficient of variation of 4.0 and 4.5%, respectively. Fasting serum total cholesterol, triglyceride, and HDL cholesterol were assayed in the Department of Laboratory Medicine of National University Hospital of Singapore.
Statistical methods
The variables between groups were compared based on a simple linear mixed effects model within the Mixed Procedure of SAS System s for Windows, Version 6.12 (SAS Institute, Cary, NC, USA). For correlation study, each dependent variable was regressed against the independent variable via a simple linear regression model. Stepwise regression analysis was used to determine the effects of the variables on the parameters under analysis.
Results
The clinical and metabolic characteristics of the subjects are shown in Tables 1 and 2 , respectively. The age, BMI and waist-hip ratio (WHR), waist-height ratio (WHtR) and physical activity of the three groups were similar. Despite their similar BMI and the fact that the waist circumference was highest in Caucasian subjects, the PBF of Indian subjects
Comparison of insulin sensitivities C-F Liew et al was significantly higher than Chinese and Caucasian subjects. Diastolic blood pressure was higher in Asian Indians (P ¼ 0.036) although systolic BP was not significantly different among the three groups. Fasting and 2-h post-OGTT plasma glucose were similar in all the three groups. Fasting serum insulin was highest in Indian subjects (P ¼ 0.006). The Indian subjects had significantly higher triglyceride compared to Caucasian and Chinese groups (P ¼ 0.022). Fasting leptin was significantly higher in Indians than the other two groups (Po0.001). Table 3 shows the data of the euglycaemic-hyperinsulinaemic clamp studies. As stated earlier, the insulin sensitivity index (M/I) was taken to be a more suitable measure of insulin sensitivity than M in this study because it was observed that there was a marked difference in the SSSI among the three groups. The insulin sensitivity index in Indians was significantly lower in comparison with the other two ethnic groups (Po0.005). The SSSI level was significantly higher in Indians relative to Caucasians and Chinese subjects. Indian subjects had a significantly lower metabolic clearance rate of insulin (MCR) compared to Caucasians and Chinese subjects.
The relations of fasting leptin concentration with fasting insulin (r ¼ 0.56, P ¼ 0.001), insulin sensitivity index (r ¼ À0.38, P ¼ 0.037) and percentage body fat (r ¼ 0.68, P ¼ 0.001) are shown in Figures 1, 2 and 3 , respectively. The correlation between fasting leptin and fasting insulin remained significant after adjustment for percentage body fat (r ¼ 0.54; P ¼ 0.002). As shown in Table 4 , stepwise multiple regression analyses revealed that ethnicity was an independent determinant for insulin sensitivity index (P ¼ 0.008). Leptin, WHtR, triglyceride, BMI, and percentage body fat had no significant effect on insulin sensitivity index. The metabolic clearance rate of insulin was mostly affected by ethnicity (P ¼ 0.003) and leptin (P ¼ 0.037), which explained for 65.8% of its variability. As for leptin, Comparison of insulin sensitivities C-F Liew et al are more insulin resistant compared to Caucasians. However, our study was unique in that the subjects were all lean and nondiabetic, and those with first-degree family history of diabetes were excluded. The study by Raji et al 22 did not specify whether family history of diabetes, which is a recognised risk factor for insulin resistance, 23, 24 was considered. Our data may help explain the observations from previous epidemiological studies, 1, 2 which showed an ethnic variation in the prevalence of diabetes and coronary artery disease. Asian Indians have also been found to have higher frequency of the components of insulin resistance syndrome, namely insulin resistance, central obesity, hypertension, and hypertryglyceridaemia. 8, 25 Stepwise regression analysis showed that ethnicity was the only significant independent determinant for the insulin sensitivity index (P ¼ 0.008) after adjusting for leptin, WHtR, triglycerides, and BMI. In our study, Asian Indians had a significantly higher PBF than both Caucasians and Chinese subjects, even though they have comparable BMI, and that Indians have lower waist circumference than Caucasians. This difference in body composition may play a significant role in determining the ethnic difference in insulin sensitivity. Ethnicity or genetic predisposition may contribute to Indians having a higher PBF, which in turn may result in the observed relative insulin resistance. The difference in insulin resistance was not because of differences in BMI or physical activity since they were all similar in the three ethnic groups. The comparatively higher diastolic BP demonstrated in our Asian-Indian subjects is in accordance with previous reports, which showed that insulin resistance is often accompanied by other coronary risk factors. 26, 27 When comparing their metabolic characteristics, Asian Indians had the highest fasting insulin and triglyceride. These observations again were consistent with previous findings that Asian Indians have increased prevalence of the components of the insulin resistance syndrome. Besides having the lowest insulin sensitivity, Asian Indians had the lowest insulin clearance rate. This has not been previously described. Our findings indicated that lower insulin clearance was present even in these lean, glucose-tolerant Asian Indians. Decreased insulin clearance may be a compensatory response to their relative insulin resistance.
Another interesting finding was that leptin had a significant relation with insulin clearance (P ¼ 0.007) on stepwise regression analysis. This has not been previously documented and requires further explorations. A possible hypothesis is that increased abdominal adiposity may lead to higher release of free fatty acid (FFA) into portal vein, exposing liver to high FFA concentrations, which reduces liver clearance of insulin. 28 Fasting leptin was found to be the highest in Asian Indians. This reflected the fact that they had the highest percentage body fat relative to Caucasians and Chinese subjects, as evidenced by the positive correlation between leptin and percentage body fat (all three ethnic groups data combined; R ¼ 0.68, P ¼ 0.001; see Figure 3 ). It has been well documented that leptin is correlated with BMI and percentage body fat. 13 Moreover, white adipose tissue is regarded as the key site of leptin production, 29 and leptin is a measure for total body fat independent of regional fat distribution. Our study found that leptin was not a significant determinant of insulin sensitivity in the regression analysis. This finding was concordant with results of a previous report, which observed that leptin levels were correlated with insulin sensitivity in obese but not in lean subjects. 30 Conversely, some reports found that there were significant relations between leptin and insulin sensitivity. 31, 32 This incongruity may be attributable to the complex insulinleptin interplay, which is not entirely explained by obesity or adiposity. Also, leptin significantly predicted MCR, which seems closely related to insulin sensitivity. One hypothesis might be that since leptin derives from total body fat, it is not a specific predictor of insulin sensitivity. Yet, within Asian Indians hyperleptinaemia may reflect intraabdominal obesity, which has the greatest consequences for insulin metabolic clearance and sensitivity.
A previous study has shown that prolonged hyperinsulinaemia could induce leptin production. 33 It is therefore possible that the significant relative hyperinsulinaemia in the Asian-Indian subjects may contribute to the higher fasting serum leptin observed, and the significant correlation observed between fasting leptin and fasting insulin, which remained significant after adjustment for percentage body fat. Our study shows that despite the similarity in environment, healthy lean nondiabetic Asian Indians were more insulin resistant compared to other ethnic groups. Moreover, there is clustering of components of insulin resistance syndrome, that is, relative insulin resistance, hyperinsulinaemia, hypertriglyceridaemia, elevation in diastolic BP, and adiposity. These findings may help explain the higher prevalence of type II DM and cardiovascular disease in Asian Indians, and may require preventive strategies for type II DM and coronary artery disease to target Asian Indians at an earlier stage.
